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The  availability of purified Gall  and  the G-protein- 
regulated phospholipase C from turkey  erythrocytes 
has allowed an examination of the  direct  effects of  G- 
protein &-subunit on the components of the inositol 
lipid  signaling system. Reconstitution of purified tur- 
key erythrocyte or bovine brain &-subunit into phos- 
pholipid vesicles containing Gall inhibited AlFz-in- 
duced activation of phospholipase C. However, By-sub- 
unit at higher  concentrations  increased phospholipase 
C activity. This stimulatory effect of By-subunit on 
phospholipase C did not require  the presence of the a- 
subunit. Gar, had no effect on the  catalytic  activity of 
phospholipase C .  However, coreconstitution of Ga, and 
&-subunit shifted to the  right  the  concentration-effect 
curve  for By-subunit-promoted activation of phospho- 
lipase C. As was observed with Gall, the increase  in 
activity observed in the presence of By-subunit oc- 
curred as an increase  in the maximal activity  and  with 
no change in  the  apparent  affinity  for Ca“ for phos- 
pholipase C activation.  The  concentration dependence 
of Gall for  activation of turkey  erythrocyte phospho- 
lipase C and bovine brain phospholipase (2-8, as well 
as the  concentration dependence of the  two enzymes 
for activation by Gall,  were  very  similar. In contrast, 
&-subunit was a much less effective  activator of bo- 
vine  brain phospholipase C-@ than  the  turkey  eryth- 
rocyte enzyme. The  observation of direct  effects of free 
&-subunit on phospholipase C extend  the possibilities 
for receptor-mediated regulation of this signaling 
pathway. 
Many calcium-mobilizing hormones, neurotransmitters, 
and growth factors produce their physiological effects as a 
consequence of receptor-promo~d phospholipase C-catalyzed 
hydrolysis of the membrane phospholipid PtdIns(4,5)P? (1- 
4). Although compelling evidence for participation of a G- 
protein in this signaling mechanism appeared in 1985  (5, 6), 
identification and purification of the relevant G-protein(s) 
only  has been accomplished recently (7-9). These proteins, 
i.e. Ga, and Gait, are members of a new family of G-protein 
a subunits initially cloned by Strathmann and Simon (10). 
Proteins that are apparently Ga, and/or Gall have been 
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purified from three different sources and have been shown to 
activate phospholipase C in  the presence of A1F; or GTPyS 
(7-9). Additional evidence for a role of G, family a-subunits 
in receptor-regulated inositol lipid signaling has accumulated 
We previously reported that when reconstituted into  turkey 
erythrocyte ghosts, G-protein Bysubunit inhibited A1F;-pro- 
moted activation of phospholipase C and adenylylcyclase, and 
potentiated  Pzy-purinergic receptor agonist-stimulated phos- 
pholipase C activity (18). The mechanism(s1 of effect of Py- 
subunit was not established, although a  tacit assumption from 
such  results is that increases in membrane &-subunit con- 
centration favor by mass action,  the heterotrimeric form of 
G-proteins. However, this need not be the case, and direct 
effects of Py-subunit  on effector proteins have been suggested 
in  the mating response in budding yeast (19), and in activation 
of ion channels (20) and phospholipase Az (21). More recently, 
Tang  and Gilman (22) have reported that calmodulin-acti- 
vated  (type I) adenylylcyclase is inhibited by G-protein Py- 
subunit, whereas &-subunit  stimulates the calmodulin-insen- 
sitive type I1 and type IV adenylylcyclases (22, 23). These 
observations suggest that  ~y-subunits may play an important 
direct role in signal transduction and may have potential 
relevance in regulatory interactions between signaling sys- 
tems. 
The phospholipase C-activating G-protein, Gall,  and  the 
G-protein-regulated phospholipase C have been purified from 
turkey  erythrocytes  (9,24)? In light of our previous observa- 
tions of effects of &-subunit  on G-protein-regulated phos- 
pholipase C activity in membranes (18), we have  used purified 
components to examine the effect of &-subunit. The results 
indicate that By-subunits have a direct stimulatory effect on 
the phospholipase C catalyst. 
(11-17). 
EXPERIMENTAL  PROCEDURES 
Materials-Phosphatidylethanolamine from bovine heart  and 
phosphatidylserine from bovine brain were obtained from Avanti 
Polar Lipids Inc. [3H]Inositol (20 Ci/mmol) was from American 
Radiolabeled Chemicals inc. PtdIns-4P  and PtdIns(4,5)P2 were pu- 
rified from a lipid extract from bovine brain  (Type I Folch fraction I 
obtained from Sigma) as previously described (24). [‘H]PtdIns-4P 
and [‘H]PtdIns(4,5)P2 were prepared from [3H]inositol-labeled turkey 
erythrocytes as previously described (24). 
Purification of G-protein fly-Subunit-G-protein fly-subunits were 
purified under nonactivating conditions from turkey erythrocytes as 
described previously (18). subunits from bovine brain were re- 
solved from a G,/Gi preparation as described previously (18). The 
characterization of the 6-y preparations used in this study was pmevi- 
ously reported in Ref. 18, these preparations were free from a- 
subunits according to three criteria: (a) [35S]GTPyS binding; (b)  
immunoreactivity with specific a- and &-subunit antibodies and 
with acWmon antibodies; and ( e )  silver staining of SDS-po~yacryl~ide 
gel electrophoresis gels (Fig. 1 and see Fig. 1 in Ref. 18). Both 
D. H. Maurice, G. L. Waldo, A. J. Morris, R. A. Nicholas, and T. 
K. Harden,  submitted for publication. 
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FIG. 1. SDS-polyacrylamide electrophoresis and immuno- 
blot of purified turkey erythrocyte and bovine brain phospho- 
lipase C and By-subunits. 200 ng of bovine brain Gao (lane 1 ), 100 
ng of turkey erythrocyte phospholipase C (lane 2), 100 ng of bovine 
brain phospholipase C-6 (lane 3), 200 ng of turkey erythrocyte 07- 
subunit (lane 4 ) ,  200 ng of bovine brain bysubunit (lane 5) were 
subjected to electrophoresis on 8.5% SDS-polyacrylamide gels and 
stained with silver (A) or transblotted onto nitrocellulose and im- 
munoreacted with anti-a,,,,, antibody (B).  The mobility of molec- 
ular mass markers is indicated in the left side of each panel. 
preparations were qualitatively and quantitatively similar in their 
inhibitory effects on adenylylcyclase and on A1F;-activated phospho- 
lipase C (18). 
Purification of GalI-The phospholipase C activating G-protein 
was purified from cholate extracts of purified turkey erythrocyte 
plasma membranes under  activating conditions (10 mM NaF, 20 p~ 
AlC13, 6 mM MgC12) (9). G-protein activity was followed during the 
purification by its capacity to activate the purified turkey  erythrocyte 
phospholipase C when reconstituted into phospholipid vesicles. This 
preparation consists mainly of free a-subunits  and is highly respon- 
sive to subsequent activation with AlF; (9). This G-protein recently 
has been identified as Gall based on complete homology of partial 
internal amino acid sequence from the protein with that predicted 
from avian Gall cDNA.2 
Purification of Gaa-A G,/Gi pool was prepared from bovine brain 
as described for the purification of &-subunit (18). After activation 
with AMF (20 p M  AlC13,6 mM MgC12,lO mM NaF) (25), a-subunits 
were resolved by chromatography through heptylamine-Sepharose. 
The final pool consisted of approximately 80-90% Ga, and 10-20% 
Gai. 
Purification of Turkey Erythrocyte Phospholipase C-The 150-kDa 
G-protein-regulated phospholipase C was purified from the cytosolic 
fraction of turkey erythrocytes as previously described (24,26). 
Purification of Bovine Brain Phospholipase C-&Phospholipase C- 
p was purified following the procedure described previously (27). 
Briefly, bovine brain membranes (5.7 g)  were extracted with 1.25 M 
KC1. Extracted material was desalted on a Sephadex G-25 column 
and purified by sequential chromatography over DEAE-Sephacel, 
heparin-Sepharose and Mono-Q columns. Phospholipase C activity 
in the final pool co-migrated with a 150,000-Da protein that was 
immunoreactive with specific antibodies against phospholipase C-8, 
but not with antibodies against turkey erythrocyte phospholipase C 
or phospholipase C-7. 
A silver-stained SDS gel  of phospholipase C and  Bysubunit prep- 
arations from turkey erythrocyte and bovine brain is shown in Fig. 
lA. Both phospholipase C and &-subunit preparations were free of 
G-protein a-subunits as assessed by lack of a notable silver-stained 
species of  40-45 kDa, lack of [35SJGTPrS binding activity, and a lack 
of immunoreactivity with Gacomman antisera (Fig. 1B). 
Protein Assays-Protein concentrations were estimated as follows: 
bovine brain  &-subunit and phospholipase C-0, and turkey erythro- 
cyte Gall, Bysubunit, and phospholipase C were determined by 
Amido Black staining (28).  Bovine brain Ga, subunit was estimated 
by guanine nucleotide binding (29). 
Reconstitution of G-protein a- and /3y-Sub~nit-[~H]PtdIns-4P or 
[3H]PtdIns(4,5)P2 was combined with phosphatidylethanolamine and 
phosphatidylserine in a molar ratio of 1:41 unless otherwise indicated 
and evaporated under a stream of N2 to dryness from chloroform 
solutions. Phospholipids were resuspended by sonication (6 X 5-9 
bursts with a microprobe) in 20 mM Hepes buffer (pH 7.4) containing 
2 mM MgC12, 100 mM NaCl, 2 mM D m ,  0.1 mM benzamidine, 0.1 
mM phenylmethylsulfonyl fluoride, and 0.8% sodium cholate. Deter- 
gent-resuspended lipids were combined with the indicated concentra- 
tions of G-protein a- and &-subunit. Phospholipid vesicles reconsti- 
tuted with G-protein subunits were formed by detergent dialysis; 300 
pl of a mixture of resuspended lipids (100 p M  final concentration of 
[3H]PtdIns-4P or [3H]PtdIns(4,5)P2; specific activity, 10,000 cpm/ 
nmol), and indicated concentrations of G-protein subunits were di- 
alyzed overnight against the same buffer without cholate. Phospho- 
lipid vesicles  were diluted 2.5-fold with dialysis buffer prior to phos- 
pholipase C assays. This preparation consists of unilamelar vesicles 
of 60-120-nm diameter. No apparent differences in vesicle morphol- 
ogy were observed in electron micrographs from vesicles formed in 
the absence or in the presence of G-protein subunits. 
Phospholipase C Assay-Phospholipase C activity was determined 
in 100 pl using phospholipid vesicles (50 pllassay) containing the 
indicated G-protein subunits  in a medium  composed of (final concen- 
trations) 47.5 mM Hepes, pH 7.2, 5 mM MgC12, 125 mM NaCl, 2 mM 
EGTA, 1 mM DTT, 0.5 mg/ml bovine serum albumin, and added 
CaC12 to give  0.34 p~ free Ca2+ in the assay. The reaction was started 
by the addition of phospholipase C (10-20 ng/assay). Incubation was 
for 6-15 min at  30  "C, and  the reaction was stopped by addition of 
375  pl of  CHCl3:CH3OH:HC1 (40801 by volume) followed  by 125 pl 
of CHC13 and 125 p1 of 0.1 M HC1. Radioactivity released into the 
upper aqueous phase was quantitated by liquid scintillation spectrom- 
etry. Similar results were obtained whether [3H]PtdIns-4P or [3H] 
PtdIns(4,5)P2 was  used as  substrate (see Ref. 24). The products of 
the phospholipase C reaction were confirmed by HPLC analysis. For 
example, hydrolysis of [3H]PtdIns-4P by phospholipase C in the 
presence of A1F;-activated Gall or By-subunit resulted in a single 
radioactive product that comigrated with authentic Ins(l,4)P2. 
Data Presentation-All data shown are the mean of duplicate 
determinations, the values of which varied by less than 10%. Data 
representative of experiments repeated from 2 to 10 times using 
different vesicle preparations  are presented as indicated in the figure 
legends. 
RESULTS 
Reconstitution of low concentrations (0.2 pmol; 10 ng)  of 
By-subunit  completely inhibited the Gall-dependent activa- 
tion of phospholipase C in the presence of AlF; (Fig. 2). 
However, concentrations of By-subunit greater than 0.2 pmol 
resulted in an increase in phospholipase C activity with ac- 
tivities observed in the presence of 6 pmol of By-subunit 
similar to  that produced by activation with AlF; in the pres- 
ence of Gall alone. To determine if the presence of a-subunit 
was  necessary  for observation of &-subunit-stimulated activ- 
ity, phospholipid  vesicles were reconstituted with  By-subunit 
in the absence of Gall. Only stimulatory effects of By-subunit 
were observed under this condition (Fig. 3), suggesting a direct 
effect of Bysubunit on  phospholipase C activity. The activa- 
tion of phospholipase C by By-subunit was linear for at least 
30 min (Fig. 4) under conditions where less than 20% of 
substrate was  hydrolyzed. 
To determine if the effects of &-subunit on  phospholipase 
C were  exclusive  for the turkey erythrocyte proteins, we tested 
the capacity of By-subunit purified from bovine brain to 
stimulate phospholipase C activity. In agreement with our 
earlier observations (18), the effects of bovine brain By- 
subunit on phospholipase C activity were identical to the 
effects of the turkey erythrocyte By-subunit (Fig. 5). The 
&-Subunit Stimulation of Phospholipase C 25453 
’ t  
0 0.006 0.06 0.6 6 60 
@?.-SUBUNIT (pmol) 
FIG. 2. Effect of &-subunit on G a l ,  activation of phospho- 
lipase C. Phospholipid vesicles containing 0.1 pmol of Gal l  and  the 
indicated  concentrations of turkey  erythrocyte  By-subunit were pre- 
pared by detergent dialysis as described under  “Experimental  Proce- 
dures.” Reconstituted lipid vesicles were incubated with 20 ng of 
turkey  erythrocyte phospholipase C for 10 min a t  30 “C in  the  absence 
(a) or in  the  presence (0) of  AlF;. Data shown are from  a represent- 
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FIG. 4. Time-course of activation of phospholipase C by 
turkey  erythrocyte ,&-subunit. Phospholipid vesicles in  the  ab- 
sence (O), or in  the presence of 0.1 pmol of Gal l  and AlF; (.), or 6 
pmol of turkey  erythrocyte  By-subunit (0) were incubated at  30 “C 
for the  indicated  times  in  the  presence of 12 ng of avian phospholipase 
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FIG. 3. Direct  effect of Bysubunit on phospholipase C. Phos- 
pholipid vesicles containing  the  indicated  concentrations of &-sub- 
unit  in  the absence of Gal l  were prepared  as described under  “Exper- 
imental Procedures.” Lipid vesicles were incubated for 10 min at  
30 “C in  the presence of 20 ng of turkey  erythrocyte  phospholipase C. 
Similar results were observed when A1F; was present during the 
incubation  with  phospholipase C. Data shown are from  a represent- 
ative  experiment  repeated a t  least six times. 
stimulatory effects of both  preparations of Py-subunit were 
not observed after  heat  inactivation (Fig. 5 ) ,  and  By-subunit 
produced  no effect on  phospholipid hydrolysis in  the  absence 
of phospholipase  C (data  not  shown). 
To further  examine  whether free By-subunit was  involved 
in  the effect on phospholipase C, the influence of Ga, on Py- 
subunit responsiveness was examined. Ga, alone  produced  no 
effect  on phospholipase  C activity  in  the  absence of Gall and 
&-subunit. However, co-reconstitution of Ga, with  the  indi- 
cated  concentrations of fly-subunit  produced a shift  to  the 
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FIG. 5. Comparative effects of turkey  erythrocyte  and bo- 
vine brain flysubunit on stimulation of phospholipase C. Phos- 
pholipid vesicles reconstituted  without (filled  bars), or with 6 pmol 
of py-subunit (empty bars), or 6 pmol of heat-inactivated  fly-subunit 
(hatched bars) were incubated with 24 ng of turkey erythrocyte 
phospholipase C for 15 min at  30 “C. A, turkey erythrocyte By- 
subunit; B, bovine brain  By-subunit.  Data  are from one  experiment 
repeated two times  with  similar  results. 
right  in  the  concentration-effect curve  for fly-subunit  activa- 
tion of phospholipase  C (Fig. 6). Complete inhibition of Py- 
subunit-induced  activation of phospholipase C could not  be 
achieved with  the  concentrations of Ga, available for use in 
these experiments. However, in four different experiments, 
the  stimulatory effect of 2 pmol of &subunit  on phospholi- 
pase C was inhibited by a t  least 60% by a 6-fold excess of Ga, 
subunit  (data  not  shown). 
Physiological concentrations of calcium ions  are  essential 
for observation of phospholipase  C activity (24). To test  the 
effects of fly-subunit  on  the calcium dependence of phospho- 
lipase C, assay  conditions  (as  indicated  in legend to Fig. 7) 
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FIG. 6. Effect of Ga,, on  By-subunit activation of phospholi- 
pase C. Phospholipid vesicles containing the indicated concentra- 
tions of turkey erythrocyte By-subunit in the absence (0) or in the 
presence (0) of  12.3 pmol of Ga, were incubated for 10 min at 30  "C 
in the presence of 24 ng of avian phospholipase C. Data shown are 
mean & S.E. of five (0) and three (0) experiments carried out with 
different lipid vesicle preparations. Maximal response (100%) was 
defined as phospholipase C activity obtained with 6 pmol of by- 
subunit  in the absence of Ga, and ranged from 4 to 9 pmol/min. 
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FIG. 7. Ca2+ dependence of activation of phospholipase C by 
Gall and by &-subunit. Phospholipid vesicles reconstituted  with- 
out (0) or with (0) 0.2 pmol of Gall ( A )  or 6 pmol of turkey 
erythrocyte  &-subunit ( B )  were incubated for 10 min at  30 "C with 
24 ng of avian phospholipase C  in  a medium containing the indicated 
concentrations of free Ca2+. For this experiment, vesicles  were pre- 
pared as indicated under "Experimental Procedures" with the excep- 
tion  that phospholipids consisted of 50 p M  [3H]PtdIns(4,5)Pz, 500 p~ 
phosphatidylethanolamine, and no phosphatidylserine. Phospholi- 
pase  C activity was assayed in  a medium containing 30 mM Hepes, 
pH 7.2, 1.8 mM MgC12, 3 mM EGTA, 0.2 mM EDTA, 70 mM NaCl, 
30 mM KCl, 1.5 mM DTT. Data shown are from one experiment 
repeated twice with similar results. 
that resulted in enhanced basal phospholipase C activity were 
employed  (Fig. 7). Phospholipid vesicles  were formed in  the 
absence or presence of 6 pmol of &subunit  and assayed in 
the presence of the indicated concentrations of free Ca2+. 
Phospholipase C activation in the presence of By-subunit 
occurred with the same calcium dependence as activity meas- 
ured in the absence of G-protein component (Fig. 7B).  These 
results were essentially the same as  that for the concentration 
dependence for calcium for Gall-stimulated phospholipase C 
activity (Fig. 7 A ) ,  and  are  consistent with previous results by 
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FIG. 8. Comparative stimulatory effects of Gall and fly- 
subunit on turkey  erythrocyte phospholipase C and bovine 
brain phospholipase C-B. A,  phospholipid vesicles containing the 
indicated concentrations of Gall subunit were incubated for 10 min 
at 30 "C in the presence of  AlF; and 10 ng of either purified turkey 
erythrocyte phospholipase C (0) or purified bovine brain phospholi- 
pase C-/3 (0). B, phospholipid vesicles containing 0.1  pmol of Gall 
were incubated for 6 min in the presence of AlK  and  the indicated 
concentrations of turkey erythrocyte phospholipase C (0) and bovine 
brain phospholipase C-p (0). C, phospholipid vesicles containing 6 
pmol of py-subunit were incubated for 6 min in the presence of the 
indicated concentrations of turkey erythrocyte phospholipase C (0) 
and bovine brain phospholipase C-fl (0). Phospholipase C activities 
shown in B and C are indicated on the right. Data shown are 
representative of results obtained in  ten  separate experiments. 
Taylor et al. (11) for activation of phospholipase C-p by liver 
GaqlGan. 
Functional and immunological data,  as well as amino acid 
sequence similarities suggest that the turkey erythrocyte 
phospholipase C and bovine brain phospholipase C-0 are 
members of the same family (30). As shown in Fig. 8, A and 
B, reconstitution of Gall in the presence of  AlF; results in a 
marked increase in the activities of both enzymes. The con- 
centration dependence and extent of G-protein activation 
attained with the avian and mammalian enzymes were essen- 
tially identical (Fig. 8, A and B ) .  In light of these similar 
Gall-regulated activities, the effects of By-subunit on phos- 
pholipase C-B also were examined. As shown in Fig. 8C, 
phospholipase C-/3  was activated only at high concentrations 
of By-subunit under these assay conditions In 10 similar 
experiments py-subunit had no effect on phospholipase C-8 
or produced a small effect only at concentrations 10-100-fold 
higher than those necessary to activate the avian phospholi- 
pase C. 
DISCUSSION 
Specificity of G-protein/effector coupling has been thought 
to be primarily defined by the a-subunit, and functional 
diversity can arise from the approximately 16 different a- 
subunits that have been identified (see Ref. 31 for review). 
However, at least four distinct /3-subunits and at least six 
distinct y-subunits have been described (31). Although the 
specificities of various py-dimers have not been established, 
direct activation of a number of effector proteins by By- 
subunits  has been demonstrated (19-23,32). 
Evidence for a regulatory role of  ,+subunits in the phos- 
pholipase C signaling pathway exists. Moriarty et al. (33) 
reported that injection of purified Bysubunits  into Xenopus 
oocytes inhibited a muscarinic receptor-activated C1- current, 
which is apparently mediated by a phospholipase C-promoted 
elevation of intracellular Ca2+. We also have shown that 
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reconstitution of By-subunits into  turkey  erythrocyte ghosts 
results  in  inhibition of A1F:-stimulated adenylylcyclase and 
A1F:-stimulatedphospholipase C. In contrast, the stimulatory 
effect of Pzy-purinergic receptor agonists in the presence of 
GTP in  the turkey erythrocyte ghost preparation was poten- 
tiated in a  concentration-dependent  manner by reconstitution 
of By-subunit (18). These  results led us to postulate that  the 
G-protein involved in  the activation of phospholipase C was 
a heterotrimeric G-protein, and that By-subunits might be 
involved in the catalytic cycle of phospholipase C (18). The 
availability of purified proteins from turkey  erythrocytes  has 
allowed extension of these earlier observations, and data 
presented here suggest that  the By-subunit may have a dual 
role in regulation of phospholipase C. 
The inhibitory effect of By-subunits on Gall-activated 
phospholipase C occurred with 0.02-0.2 pmol of By-subunit, 
and maximal inhibition was observed with a 2-fold molar 
excess of By-subunit relative to  Gall. Inhibition presumably 
occurs as a consequence of py-promoted formation of G- 
protein heterotrimer rather  than due to a direct inhibitory 
effect of py-subunit  on phospholipase C. Three lines of evi- 
dence support  this hypothesis: (a)  By-subunits at concentra- 
tions that inhibit Gall-activated phospholipase C have no 
inhibitory effect on basal phospholipase C activity in vesicles 
reconstituted without Gall or with Gall in the absence of 
AlF; (data not shown); ( b )  under the conditions described 
here, almost equimolar concentrations of Gall  and By-subunit 
were required for inhibition of A1F;-stimulated phospholipase 
C; and (c) the concentration dependence for the inhibitory 
effect of py-subunit on Gall activation of phospholipase C 
was identical for the turkey erythrocyte phospholipase C  and 
for the bovine brain phospholipase C-@  (data  not shown)3 in 
spite of the fact that  the avian enzyme is more sensitive to 
direct effects of By-subunit than  the mammalian enzyme. The 
concentrations of Bysubunit required to reverse A1F;-stim- 
ulated phospholipase C activity in erythrocyte ghosts were 
higher than in the  reconstitution assay usingpurifiedproteins. 
The reason(s) is not clear, although the  total concentration 
of free Gall and/or  other free a-subunits may be higher in 
the turkey erythrocyte membranes than  the concentration of 
Gall in the reconstitution assays, therefore requiring higher 
concentrations of By-subunit to inhibit AlF; stimulation of 
phospholipase C. 
The concentration-dependent increase in phospholipase C 
activity at higher concentrations of By-subunit was independ- 
ent of Gall and apparently occurs by a direct effect on 
phospholipase C .  The concentration of &-subunit required 
for this direct effect was similar to that required for the 
inhibitory and stimulatory effects of reconstituted &-sub- 
units on phospholipase C in turkey erythrocyte ghosts (18). 
This may be fortuitous, and the stimulatory effect of By- 
subunit observed with membranes may differ in mechanism 
from that observed with purified enzyme. Nonetheless, the 
data illustrated here directly demonstrate activation of phos- 
pholipase C by &subunit  and likely have relevance to other 
stimulatory effects reported for By-subunit (19-23, 32). For 
example, the concentrations of By-subunit required for  acti- 
vation of phospholipase C were similar to those that modulate 
adenylylcyclase activity (22, 23). Whereas Ga. plays a per- 
missive role in the  stimulatory effects of By-subunit on ad- 
enylylcyclase, the effects of By-subunit on phospholipase C 
do not require Gall (Fig. 3). Free By-subunit is responsible 
for the direct activation of phospholipase C, since a molar 
excess of Ga, inhibited @y-subunit  activation of phospholi- 
pase C. 
J. L. Boyer, unpublished observation. 
Data  presented  in this study suggest that turkey erythrocyte 
phospholipase C is activated by Gall  and by By-subunit and 
that AlFZ-activated Gall is approximately 10-30-fold more 
potent than By-subunit. Thus, receptor-promoted activation 
of phospholipase C  through  Gll almost certainly involves a- 
rather  than By-subunit. However, there  are many potential 
G-protein sources of By-subunit, and although these data do 
not prove a physiological role for By-subunit in the regulation 
of phospholipase C, they  can be incorporated into models for 
signal transduction mediated by G-proteins. For example, in 
some target  tissues receptor-promoted activation of phospho- 
lipase C is inhibited by pertussis toxin (33-37). To date, the 
G-protein and/or the phospholipase C from the pertussis 
toxin-sensitive pathway have not been identified. One possi- 
bility is that pertussis toxin-sensitive activation of phospho- 
lipase C is mediated by the direct action of &-subunit released 
by a receptor-stimulated dissociation of a pertussis toxin 
substrate  G-protein. The lack of convincing reports showing 
that  Gai isoforms or Ga, activate phospholipase C is consist- 
ent with this hypothesis. 
The identity of the avian  G-protein regulated phospholipase 
C  has  not been unambiguously established. However, a cDNA 
that encodes the amino-terminal 85% of avian phospholipase 
C-PI has been isolated: Internal amino acid sequences from 
the purified avian phospholipase C  are  not homologous with 
the sequence predicted by this cDNA, and we believe turkey 
erythrocyte G-protein-regulated phospholipase C more  likely 
is an avian homolog of phospholipase C-&, $3, or some yet 
to be defined phospholipase C-/3 family member. It is notable 
that  the avian phospholipase C is directly activated by fly- 
subunit and that the brain phospholipase C-p (apparently 
consisting of phospholipase C-0,) is much less sensitive to 
stimulation. It is possible, though unlikely, that the brain 
protein  has been modified during purification such that  it has 
lost response to &-subunit,  but  retained Gall responsiveness. 
The possibility that contaminant free G-protein  a-subunits 
are  present in the bovine brain  preparation that might scav- 
enge (37-subunits and therefore prevent their stimulatory 
effects on phospholipase C activity is very unlikely since no 
immunoreactivity with aeommon antibodies was observed in the 
phospholipase C  preparations (Fig. 1B)  and brain phospholi- 
pase C-fl was purified from a KC1 extract of membranes in 
the absence of detergent. Our results thus suggest that differ- 
ent G-protein-regulated PLC isoenzymes are differentially 
regulated by G-protein &subunit. Preliminary data shows 
no effect of By-subunit on PLC-y  and PLC-6 which also is 
consistent with this idea.3 It will  be important to confirm the 
specificity of effects of &-subunit on all the PLC isoenzymes 
when these become available in unambiguously defined form, 
and  to determine whether various combinations of B- and y- 
subunit' differ in their specificity of interaction with a-sub- 
units of the G, and Gi family of proteins  and with phospho- 
lipase C isoenzymes. 
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Note Added in Proof-Camps and co-workers (Camps, M., Hou, 
' A. J. Morris and T. K. Harden, unpublished observations. 
The turkey erythrocyte Py preparation consists predominantly of 
81, 8 2 ,  and y7 subunits. & ,y~ ,y3 ,  and ys were barely or  not detectable 
in this preparation. 
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C., Sidiropoulos, D., Stock, J. B., Jakobs, K. H., and Gierschik, P. 
(1992) Eur. J. Biochem. 206, 821-831) have reported recently that 
G-protein py-subunits stimulate the activity of phospholipase C 
prepared from HL-60 cells. 
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